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Abstract: The present paper addresses an advanced teaching lab consisting of setting up an islanded production unit. This teaching 
lab takes place in the very last semester at master level for students in electrical engineering with energy specialization. The purpose 
of this teaching lab is to combine knowledge learned in different areas such as power electronics, control, electrical machines and 
networks, and make use of all of them in practice. The present paper describes in detail the different steps followed by the student to 
set up an islanded production unit. 
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1. Introduction 
This paper addresses an advanced teaching lab 
taught to electrical engineering master students, 
specialized in energy, taking place during the last 
semester of studies. 
As explained in Ref. [1], many universities 
worldwide are putting efforts in renewing or reviving 
power engineering teaching labs. Over the past 10 
years, many papers have been published addressing 
such teaching laboratories [2-10]. 
Here at the Ecole Polytechnique. Fédérale de 
Lausanne-EPFL [11], the curriculum for students in 
electrical power engineering contains many teaching 
labs related to power systems (Fig. 1) either for 
bachelor level students who need to learn the basics of 
electromechanical systems and drives, up to advanced 
teaching labs at master level. 
The present paper focuses on the advanced teaching 
lab given to electrical power engineering students at 
master level. 
The teaching lab presented lasts a whole semester, 
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12 sessions, and each session being of four hours long. 
The methodology used to teach the students is 
different from what is usually done. A goal is given 
and the students must manage to reach it by 
themselves. For a given test, they must investigate the 
theory by themselves, think of what and how must be 
measured, draw the connections of the different 
devices on a paper; including all the required 
measurement devices (oscilloscope, wattmeter, etc.) 
and only then perform the real test. 
For example, if the student is asked to determine 
the inertia of the system, he first has to find how to 
determine it theoretically, which equations are 
involved, what conditions must be met during the test. 
Then the student has to determine what must be 
measured (voltage, current, torque, speed?), and how 
to measure it. In the case of determining the inertia 
only the speed and torque need to be measured. He 
must then think of how to measure these values. In our 
example, how will the speed be measured? What is the 
output? Is it a voltage? What is the ratio between the 
speed and the voltage measured?  
This approach usually helps the student to learn 
how to prepare testing sessions and get more 
confident with practical work as it is not a “let’s try” 
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yRprime := xR + Kpi * e; 
if (yRprime>yRmax) 
then yR := yRmax 
else if (yRprime<yRmin) 
then yR := yRmin 
else yR := yRprime; 
 
yR_out := yR * iRefNom; 
nRef_out := nRef * nMesNom; 
DA(yR_out), ucmChan); 
 
e := e - (yRprime – yR)/Kpi; 
xR := xR + Ki * e; 
Fig. 8  PI regulator with integrated limitation and error 
correction. 
 
 
Yellow (20 V/div), Magenta (3.85 V/div), Blue (5 A/div), 
Timebase (500 ms/div) 
Fig. 9  Speed control test. 
 
For this test the synchronous generator is excited at 
its no load excitation current (If0). If0 is the field 
current required to have the rated voltage under no 
load conditions. 
The stator of the synchronous generator is 
connected through a switch to a resistive load which 
corresponds to the DC-machine rated load. 
Starting at no speed (0 rpm), a set value of the rated 
speed (1,500 rpm) is given to the system. The 
regulator applies the maximum available current to 
accelerate as fast as possible. The speed rises and 
quickly stabilizes at its given set value. As explained 
at the beginning of this section, the maximum current 
is 10 A (2 pu), whereas the rated current is 5 A (1 pu). 
Then, the load (rated) connected to the synchronous 
generator is applied. During this transient the speed 
varies of less than 4% and as expected the current 
stabilizes at 5 A (1 pu). 
4. Synchronous Machine Connected to the 
Network 
Before using the synchronous generator in an 
islanded network it is important for the student to 
understand the behavior (power diagram) of the 
synchronous generator connected to the network and 
the different steps to follow to perform a correct 
synchronization. 
The salient-pole synchronous generator used has the 
following characteristics: 
 2,300 VA; 
 1,500 rpm, 50 Hz; 
 220/380 V, 6.1/3.5 A, cos 0.8; 
 24 V, 4.5 A (rotor). 
(a) Out-of-phase synchronization (-90°) 
Even though the student has already theoretically 
studied how to synchronize a synchronous generator 
to the network, performing it in practice usually helps 
the student in understanding the different conditions to 
be fulfilled (same frequency, same voltage, same 
phase sequence and same phase). 
Fig. 10 represents the stator currents (yellow, blue 
and magenta) and the field current (green) during an 
out-of-phase synchronization at about 90°. For this 
latter the stator currents reaches a peak value of 50 A 
(35 A RMS (root mean square)), which is 10 times the 
rated current (3.5 A). The field current reaches a peak 
value of 20 A which is about 4.5 times the rated 
current (4.5 A). 
(b) Power diagram of the synchronous generator 
Another didactic point is the 
representation/measurement of the capability limits of 
the synchronous generator (Fig. 11). This can be 
achieved by using a power meter which gives a 
voltage proportional to the active power and another 
voltage proportional to the reactive power. 
An Advanced Teaching Lab for the Setting up of an Islanded Production Unit 
  
1558
 
Yellow–Magenta–Blue (20 A/div), Green (10 A/div), 
Timebase (20 ms/div) 
Fig. 10  Currents during an out of phase synchronization 
at -90°. 
 
 
Fig. 11  Synchronous machine capability limits. 
 
Then by plotting these voltages in X-Y mode with 
an oscilloscope (reactive power on the x axis and 
active power on the y axis), using the persistence and 
adding a “mask” in the background let us have a very 
pedagogical representation of the power diagram. 
5. Islanded Synchronous 
Generator—Unitrol™ 
The next step to set up an islanded network is to use 
a voltage regulator to control the excitation current of 
the synchronous generator and regulate the voltage to 
a given value. In our case, a standard voltage regulator 
(Unitrol™) is used (Fig. 12). 
To be able to use the software controlling the 
Unitrol™, some parameters have to be determined, 
such as the direct-axis and quadrature-axis 
synchronous reactances. 
 
Fig. 12  Voltage regulator—Unitrol™. 
 
Two different tests are performed to achieve this. 
The first one is a sudden 3-phase short-circuit and the 
second one is a negative excitation test. Note that 
these two tests are performed with the synchronous 
generator synchronized to the network. This 
emphasizes that previous chapter is relevant. 
Note that for the sudden 3-phase short-circuit test, 
the transient and sub-transient reactances are 
determined by the student. This is only for teaching 
purposes as for using the software of the voltage 
regulator only Xd and Xq are required. 
(a) Sudden 3-phase short-circuit 
For the sudden 3-phase short-circuit, the 
synchronous generator is synchronized to the network. 
To avoid short-circuiting the network, a switch is used. 
The switch is connected to the synchronous generator 
and is wired as to be able to switch between a direct 
connection to the network and to cables that are 
short-circuited. 
The stator phase currents during a sudden 3-phase 
short-circuit are shown in Fig. 13. Once the 
steady-state operating point is reached, the peak value 
of the phase current can be expressed as: 
2 s0
d
Ui
X
      (13) 
where, Us0 is the RMS value of the no load phase 
voltage, and i the peak value of the steady-state 
short-circuit current, which in our case gives: 
ܺௗ ൌ √2 ଶଶ଴ସ.ଷହ ൌ 71.5 Ω         (14) 
(b) Negative excitation test 
For the negative excitation test, the synchronous  
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Yellow–Magenta–Blue (20 A/div), Timebase (20 ms/div) 
Fig. 13  Sudden 3-phase short-circuit. 
 
generator is synchronized to the network. Then the 
excitation is decreased to 0, the excitation wires are 
inverted and the excitation is raised until the generator 
loses the synchronism. 
During this test, the phase current peak value is 
measured. At the moment of the loss of synchronism 
Eq. (13) can be used by replacing Xd by Xq: 
ܺ௤ ൌ √2 ଶଶ଴ଵସ ൌ 22.2 Ω   (15) 
The oscilloscope screen copy for this test is given in 
Fig. 14, where the stator current of one phase is 
represented in yellow. 
(c) Tuning the voltage regulator parameters 
The software controlling the Unitrol™ must be 
installed on a Windows™ based computer. It does not 
only allow to start up the voltage regulation but it also 
gives access to many software based measurements 
such as PQ diagram, voltage and amper meters, 
synchronization diagram, oscilloscope, etc.. 
Once Xd, Xq and all the required parameters (rated 
voltage, rated current, rated apparent power, etc.) are 
entered in the software, the tuning of the voltage 
regulator can be done. 
Fig. 15 presents a screen copy of different windows 
comprising the Unitrol software. On the right hand 
side of this figure is the oscilloscope, whereas on the 
left hand side are the knobs to adjust the different 
parameters of the voltage regulator. 
To tune the regulator, a change of 10% in the 
voltage set value is performed. In the oscilloscope of 
Fig. 15, the machine frequency is in blue, the excitation 
 
Yellow (5 A/div), Timebase (20 s/div) 
Fig. 14  Negative excitation test. 
 
 
Fig. 15  Tuning the voltage regulator. 
 
current in green, the voltage set value in red and the 
measured voltage in orange. After testing different 
values for Vp, Ta and Tb (knobs at the top left) to tune 
the voltage regulator, the values chosen give a correct 
response of the system to the voltage step. The 
response is fast, with no overshoot and no oscillation. 
6. Islanded Production Unit Tests 
In this section the production unit is tested under 
different loads. The first load is a pure resistive load, 
the second one is a pure capacitive load and the third 
one is the start up of an induction motor under no load 
conditions. 
For all three tests, the production unit is started up, 
running at its rated speed (1,500 rpm) and rated line 
voltage (380 V). The different three-phase loads are 
connected, through a switch, to the stator winding 
synchronous generator. 
(a) Resistive load 
The resistive load is constituted of a three-phase 
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variable resistor (star connected) which value is set so 
as the DC machine generates an active power of 1 pu 
which in our case corresponds to the rated current (5 
A, see Section 3f). 
In Fig. 16, the voltage is in red, the speed in green 
and the excitation current in orange. 
During the transient, the voltage drop is about 4% 
and the frequency drop about 5%. The system 
stabilizes in less than 200 ms. 
An interesting pedagogical point is that as the load 
is purely resistive, a student could expect to have only 
the speed regulator reacting to the load step. However, 
the voltage regulator must compensate the voltage 
drop in the synchronous generator winding by 
increasing the excitation current. 
(b) Capacitive load 
The capacitive load is constituted of a bench of 
variable capacitors (star connected). The capacitors 
value is set to 17 µF (per phase). Beyond this value, 
the excitation current is too small and the system 
becomes unstable.  
In Fig. 17, the voltage is in red, the speed in green 
and the excitation current in orange. 
During the transient, the frequency is nearly not 
affected by the load change (1%). This small variation 
is due to the internal resistance of the bench of 
capacitors as well as the stator resistance of the 
synchronous generator that will dissipate active power 
that must be compensated by the speed regulator. 
The voltage increase is about 5% and the system 
stabilizes in less than 200 ms. 
(c) Induction motor (no load) 
The final test consists of starting up an induction 
motor, under no load conditions. The induction motor 
used is a single cage induction motor with the 
following characteristics: 
 2,200 W, 1,435 rpm, 50 Hz; 
 220/380 V, 8.7/5.0 A, cos 0.79. 
This test implies that both regulators react (speed 
and voltage) to deliver not only the active power to 
start up the induction motor but also reactive power. 
 
Fig. 16  Resistive load test. 
 
 
Fig. 17  Capacitive load. 
 
The oscilloscope screen copy for this test is given in 
Fig. 18, where the speed (frequency) and voltage of 
the islanded network are respectively in yellow and 
blue, whereas the speed of the induction motor in 
magenta. 
The speed of the induction motor rises until it 
reaches the steady state conditions. Note that as the 
induction motor is under no load conditions the slip is 
nearly 0 when the steady state is reached.  
During the transient, a large drop is found in both 
the frequency and the voltage. The frequency drop is 
about 13%-14%, whereas the voltage drop is about 
65%. Even though these drops are large the system 
once again corrects this in about 200 ms and fully 
stabilizes in less than 500 ms. 
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Yellow–Magenta (20 V/div), Blue (200 V/div), 
Timebase (100 ms/div) 
Fig. 18  Induction motor start up. 
7. Conclusions 
An advanced teaching lab consisting of setting up 
an islanded production unit has been presented. 
The teaching technique used in this lab has been 
described, whereas the required steps to be followed 
have been explained in details. 
The speed control of the DC machine as well as the 
voltage regulation have been detailed and illustrated 
by many oscilloscope or screen copies. 
Other tests addressing the interconnection of 
multiple production units are also performed by the 
students in the teaching lab. These tests allow the 
study of the different power exchanges (active and 
reactive) between the different production units and 
their loads (resistive, capacitive and induction motor). 
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